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(54) Enciphering, deciphering and information processing apparatus and methods 



(57) An enciphering/deciphering apparatus and 
method are provided by which illegal copying can be 
prevented with a greater degree of certainty. Data enci- 
phered by a 1394 interface (26) of a DVD player (1) is 
transmitted to a personal computer (2) and a magneto- 
optical disk apparatus (3) through a 1394 bus (11). In 
the magneto-optical disk apparatus (3) with which a 
change to a function is open to a user, the received data 
is deciphered by a 1394 interface (36). In contrast, in 
the personal computer (2) with which a change to a func- 
tion is open to a user, the enciphered data is deciphered 
using a time variable key (50) by a 1394 interface (49), 
and a result of the decipherment is further deciphered 
using a session key by an application section. 
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Description 

This Invention relates to an enciphering apparatus and method, a deciphering apparatus and method and an in- 
formation processing apparatus and method, and more particularly to an enciphering apparatus and method, a deci- 
phering apparatus and method and an information processing apparatus and method by which high security may be 
assured. 

Recently, a network has been available which is composed of a plurality of electronic apparatus represented by 
AV apparatus, computers and so forth which are connected to each other by a bus so that various data may be com- 
municated between them. 

Where a network of the type mentioned is employed, for example, data of a movie reproduced from a DVD (Digital 
Video Disk or Digital Versatile Disk) by a DVD player connected to the network can be transferred through the bus to 
and displayed by a display unit such as a television receiver or a monitor. Usually, it is licensed from the proprietor of 
copyright at a point of time when a DVD is purchased to display and enjoy a movie reproduced from the DVD on a 
display unit. 

However, it is not usually licensed from the proprietor of copyright to copy data reproduced from the DVD onto 
another recording medium and utilize the same. Thus, in order to prevent data sent out through the bus (network) from 
being copied illegally, it is a possible idea to encipher the data on the sending side and decipher the data on the 
receiving side. 

However, consumer electronics apparatus (CE apparatus) such as DVD players and television receivers are nor- 
mally designed and produced for predetermined objects and are each produced such that it is impossible for a user 
to modify it or incorporate a different part into it to acquire or alter internal data (change of functions) of the apparatus. 
On the other hand, for example, in regard to personal computers, the architecture or circuitry is open to the public, and 
it is possible to add a board or install various application software to add or alter various functions. 

Accordingly, in regard to a personal computer, it can be performed comparatively readily to directly access or alter 
data on an internal bus of the personal computer by adding predetermined hardware or applying a software program. 
This signifies that, by producing and applying application software, it can be performed readily, for example, to receive 
data transmitted as ciphered data from a DVD player to a television receiver and decipher or copy the received data 
by a personal computer. 

In other words, a personal computer has a weak connection between a link portion which effects communication 
via a bus and an application portion which prepares data to be transmitted and utilizes received data, and includes 
many portions which can be modified physically and logically by a user. In contrast, a CE apparatus has a strong 
connection between them and includes little portion which allows intervention of a user. 

It is an aim of at least an embodiment of the present invention to provide an enciphering apparatus and method, 
a deciphering apparatus and method and an information processing apparatus and method by which illegal copying 
of data can be prevented with a higher degree of certainty. 

According to an aspect of the present invention there is provided an enciphering apparatus, comprising enciphering 
means for enciphering data using a cryptographic key, first generating means for generating a first key, second gen- 
erating means for generating a second key which is changed at a predetermined timing while the data is enciphered, 
and producing means for producing the cryptographic key using the first key and the second key 

According to another aspect of the present invention, there is provided an enciphering method, comprising the 
steps of enciphering data using a cryptographic key, generating a first key, generating a second key which is changed 
at a predetermined timing while the data are enciphered, and producing the cryptographic key using the first key and 
the second key. 

With the enciphering apparatus and the enciphering method, since a cryptographic key is produced using a first 
key and a second key which is changed at a predetermined timing while data is enciphered, encipherment can be 
performed with a high degree of security. 

According to a further aspect of the present invention, there is provided a deciphering apparatus, comprising re- 
ceiving means for receiving enciphered data, deciphering means for deciphering the received data using a crypto- 
graphic key, first generating means for generating a first key, second generating means for generating a second key 
which is changed at a predetermined timing while the data is deciphered, and producing means for producing the 
cryptographic key using the first key and the second key. 

According to a still further aspect of the present invention, there is provided a deciphering method, comprising the 
steps of receiving enciphered data, deciphering the received data using a cryptographic key, generating a first key, 
generating a second key which is changed at a predetermined timing while the data is deciphered, and producing the 
cryptographic key using the first key and the second key. 

With the deciphering apparatus and the deciphering method, since a cryptographic key is produced using a first 
key and a second key which is changed at a predetermined timing while data is deciphered, enciphered data can be 
deciphered with a higher degree of security. 
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According to a yet further aspect of the present invention, there is provided an information processing system, 
comprising a plurality information processing apparatus connected to each other by a bus, the information processing 
apparatus including first information processing apparatus each having a function whose change is not open to a user, 
and second information processing apparatus each having a function whose change is open to a user, each of the first 
information processing apparatus including first receiving means for receiving enciphered data, first deciphering means 
for deciphering the data received by the first receiving means using a cryptographic key first generating means for 
generating a first key, second generating means for generating a second key which is changed at a predetermined 
timing while the data is deciphered, and first producing means for producing the cryptographic key using the first key 
generated by the first generating means and the second key generated by the second generating means, each of the 
second information processing apparatus including second receiving means for receiving enciphered data, third gen- 
erating means for generating the first key, fourth generating means for generating the second key which is changed 
at a predetermined timing while the data is deciphered, second producing means for producing a first cryptographic 
key using one of the first key generated by the third generating means and the second key generated by the fourth 
generating means, third producing means for producing a second cryptographic key using the other of the first key 
generated by the third generating means and the second key generated by the fourth means, second deciphering 
means for deciphering the enciphered data received by the receiving means using the first cryptographic key, and third 
deciphering means for further deciphering the data deciphered by the second deciphering means using the second 
cryptographic key. 

According to a yet further aspect of the present invention, there is provided an information processing method for 
an information processing system composed of a plurality information processing apparatus connected to each other 
by a bus, the information processing apparatus including first information processing apparatus each having a function 
whose change is not open to a user, and second information processing apparatus each having a function whose 
change is open to a user, comprising the steps performed by each of the first information processing apparatus of 
receiving enciphered data, deciphering the data received in the receiving step using a cryptographic key, generating 
a first key, generating a second key which is changed at a predetermined timing while the data is deciphered, and 
producing the cryptographic key using the first key generated in the first generating step and the second key generated 
in the second generating step, and the steps performed by each of the second information processing apparatus of 
receiving enciphered data, generating the first key, generating the second key which is changed at a predetermined . 
timing while the data is deciphered, producing a first cryptographic key using one of the first key and the second key, 
producing a second cryptographic key using the other of the first key and the second key, deciphering the enciphered 
data received in the receiving step using the first cryptographic key, and deciphering the deciphered data further using 
the second cryptographic key. 

With the information processing system and the information processing method, since, in the first information 
processing apparatus which have functions whose change is not open to a user, a cryptographic key is produced using 
a first key and a second key which is changed at a predetermined timing while data is deciphered, but in the second 
information processing apparatus which have functions whose change is open to a user, a first cryptographic key is 
produced using one of a first key and a second key which is changed at a predetermined timing while data is deciphered, 
and then a second cryptographic key is produced using the other, whereafter the enciphered data is deciphered using 
the first cryptographic key, and the deciphered data is further deciphered using the second cryptographic key, the 
information processing apparatus and method has a higher degree of reliability than ever. 

According to a yet further aspect of the present invention, there is provided an information processing apparatus, 
comprising receiving means for receiving data transmitted thereto through a bus, producing means composed of a 
software program for producing a first cryptographic key and a second cryptographic key which is changed at a pre- 
determined timing while the data is deciphered from the data received by the receiving means, first deciphering means 
for deciphering the enciphered data received by the receiving means using one of the first cryptographic key and the 
second cryptographic key produced by the producing means, and second deciphering means for deciphering and 
processing the data deciphered by the first deciphering means further using the other of the first cryptographic key 
and the second cryptographic key produced by the producing means. 

According to a yet further aspect of the present invention, there is provided an information processing method, 
comprising the steps of receiving data transmitted thereto through a bus, producing, from the received data, a first 
cryptographic key and a second cryptographic key which is changed at a predetermined timing while the data is deci- 
phered, deciphering the received enciphered data using one of the first cryptographic key and the second cryptographic 
key, and deciphering the deciphered data further using the other of the first cryptographic key and the second crypto- 
graphic key. 

With the information processing apparatus and the information processing method, since a first cryptographic key 
and a second cryptographic key which is changed at a predetermined timing while data is deciphered are produced 
based on a software program, decipherment can be performed for each application program, and illegal copying can 
be prevented with a higher degree of accuracy. 
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The invention will now be described by way of example with reference to the accompanying drawings, throughout 
which like parts are referred to by like references, and in which: 

FIG. 1 is a block diagram showing an example of a construction of an information processing system to which the 
present invention may be applied; 

FIG. 2 is a block diagram showing an example of internal constructions of a DVD player, a personal computer and 
a magneto-optical disk apparatus shown in FIG. 1 ; 

FIG. 3 is a block diagram illustrating an authentication procedure performed in the information processinq system 
of FIG. 1; 

FIG. 4 is a timing chart illustrating the authentication procedure illustrated in FIG. 3; 
FIG. 5 is a diagrammatic view illustrating a format of a node_unique_ID; 
FIG. 6 is a timing chart illustrating another authentication procedure; 
FIG. 7 is a similar view but illustrating a further authentication procedure; 
FIG. 8 is a similar view but illustrating a still further authentication procedure; 
FIG. 9 is a similar view but illustrating a yet further authentication procedure; 
FIG. 10 is a block diagram illustrating an enciphering procedure; 

FIG. 11 is a block diagram showing an example of a construction of a 1394 interface used in the enciphering 
procedure of FIG. 10; 

FIG. 12 is a block diagram showing an example of a more detailed construction of the 1 394 interface of FIG. 11 ; 
FIG. 13 is a block diagram showing an example of a more detailed construction of a linear feedback shift register 
shown in FIG. 12; 

FIG. 1 4 is a block diagram showing an example of a more detailed construction of the linear feedback shift reqister 
of FIG. 13; 

FIG. 15 is a block diagram showing an example of a construction of a 1394 interface used in the enciphering 
25 procedure of FIG. 10. 

FIG. 16 is a block diagram showing an example of a more detailed construction of the 1394 interface of FIG. 15; 
FIG. 17 is a block diagram showing an example of a construction of a 1394 interface used in the enciphering 
procedure of FIG. 10; 

FIG. 18 is a block diagram showing an example of a more detailed construction of the 1 394 interface of FIG. 17; 
FIG. 1 9 is a block diagram showing an example of a construction of an application section used in the enciphering 
procedure of FIG. 10; 

FIG. 20 is a block diagram showing an example of a more detailed construction of the application section of FIG. 1 9; 
FIG. 21 is a block diagram showing another example of the construction of the 1394 interface used in the enci- 
phering procedure of FIG. 10; 

FIG. 22 is a block diagram showing another example of the construction of the 1394 interface used in the enci- 
phering procedure of FIG. 10; 
FIG. 23 is a block diagram showing another example of the construction of the 1394 interface used in the enci- 
phering procedure of FIG. 10; and 

FIG. 24 is a block diagram showing another example of the construction of the application section used in the 
40 enciphering procedure of FIG. 10. 

Referring first to FIG. 1 , there is shown an exemplary information processing system to which the present invention 
is applied. The information processing system shown includes a DVD player 1 , a personal computer 2, an magneto- 
optical disk apparatus 3, a data broadcasting receiver 4, a monitor 5 and a television receiver 6 all connected to each 

45 other by an IEEE 1394 serial bus 11. 

Referring now FIG. 2, there are shown more detailed internal constructions of the DVD player 1 , personal computer 
2 and magneto-optical disk apparatus 3 of the information processing system shown in FIG. 1. The DVD player 1 is 
connected to the 1394 bus 11 by a 1394 interface 26. The DVD player 1 includes a CPU 21 which executes various 
processes in accordance with programs stored in a ROM 22. A RAM 23 is used to suitably stores data, programs and 

50 so forth necessary for the CPU 21 to execute various processes. An operation section 24 is formed from buttons, 
switches, a remote controller and so forth, and when it is operated by a user, it outputs a signal corresponding to the 
operation. A drive 25 drives a DVD not shown to reproduce data recorded on the DVD. An EEPROM (Electrically 
Erasable Programmable Read Only Memory) 27 stores information such as key information which must remain stored 
also after the power supply to the apparatus is turned off. An internal bus 28 connects the components to each other. 

s 5 The magneto-optical disk apparatus 3 includes a CPU 31 , a ROM 32, a RAM 33, an operation section 34, a drive 

35, a 1 394 interface 36, an EE PROM 37 and an internal bus 38 which have similar functions to those of the DVD player 
1 described above. Here, description of the similar components is omitted to avoid redundancy. It is to be noted, 
however, that the drive 35 drives not a DVD but a magneto-optical disk not shown to record or reproduce data onto or 
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from the magneto-optical disk. 

The personal computer 2 is connected to the 1 394 bus 1 1 via a 1 394 interface 49. The personal computer 2 includes 
a CPU 41 which executes various processes in accordance with programs stored in a ROM 42, and a RAM 43 into 
which data, programs and so forth necessary for the CPU 41 to execute various processes are stored suitably. A 
keyboard 45 and a mouse 46 are connected to an input/output interface 44, and the inpuVoutput interface 44 outputs 
signals inputted thereto from the keyboard 45 and the mouse 46 to the CPU 41 . Further, a hard disk drive (HDD) 47 
is connected to the inpuVoutput interface 44 so that data, programs and so forth can be recorded onto and reproduced 
from a hard disk not shown by the hard disk driver 47. Further, an extended board 48 can be suitably mounted onto 
the input/output interface 44 so that a necessary function can be additionally provided to the personal computer 2. An 
EEPROM 50 is used to store information which must remain stored also after the power supply to the personal computer 
2 is turned off such as information of various keys. An internal bus 51 is formed from, for example, a PCI (Peripheral 
Component Interconnect) bus, a local bus or the like and connects the components mentioned above to each other. 

It is to be noted that the internal bus 51 is open to the user so that the user can suitably receive data transmitted 
by the internal bus 51 by suitably connecting a predetermined board to the extended board 48 or by producing and 
installing a predetermined software program. 

In contrast, in any of consumer electronics (CE) apparatus such as the DVD player 1 and the magneto-optical disk 
apparatus 3, the internal bus 28 or the interna! bus 38 is not open to a user and the user cannot acquire data transmitted 
in it unless special alteration is performed for it. 

Subsequently, a procedure of authentication performed between a source and a sink is described. Here, the au- 
thentication procedure is performed, for example, as seen in FIG. 3, between firmware 20 as one of software programs 
stored in advance in the ROM 22 of the DVD player 1 serving as a source and a license manager 62 as one of software 
programs stored in the ROM 42 of the personal computer 2 serving as a sink and processed by the CPU 41. 

FIG. 4 illustrates a procedure of authentication performed between the source (DVD player 1 ) and the sink (personal 
computer 2). A service key (service_key) and a function (hash) are stored in advance in the EEPROM 27 of the DVD 
player 1 . They are both provided to the user of the DVD player 1 from the proprietor of copyright, and the user stores 
them in the EEPROM 27 secretly. 

The service key is provided for each information provided by the proprietor of copyright and is common to systems 
which are constructed using the 1 394 bus 11 . It is to be noted that the system in the present specification signifies a 
general apparatus formed from a plurality of apparatus. 

The hash function is a function for outputting data of a fixed length such as 64 bits or 128 bits in response to an 
input of an arbitrary length, and is a function with which, when y (= hash(x)) is given, it is difficult to determine x, and 
also it is difficult to determine a set of xl and x2 with which hash(xl) = hash(x2) is satisfied. As representative ones of 
one-directional hash functions, MD5, SHA and so forth are known. The one-directional hash function is explained in 
detail in Bruce Schneier, "Applied Cryptography (Second Edition), Wiley". 

Meanwhile, for example, the personal computer 2 as a sink stores an identification number (ID) and a license key 
(license_key) given from the proprietor of copyright and peculiar to the personal computer 2 itself secretly in the EEP- 
ROM 50. The license key is a value obtained by applying the hash function to data (ID 1 1 service_key) of n+m bits 
obtained by connecting the ID of n bits and the service key of m bits. In particular, the license key is represented by 
the following expression: 



license_key = has(ID 1 1 service_key) 

For the ID, for example, a node_unique_ID prescribed in the standards for a 1394 bus can be used. The 
node_unique_ID is composed of, as seen from FIG. 5, 8 bytes (64 bits), wherein the first 3 bytes are managed by the 
IEEE and given from the IEEE to the individual maker of electronic apparatus. Meanwhile, the lower 5 bytes can be 
given by each maker to each apparatus provided to any user by the maker itself. Each maker applies, for example, 
numbers of the lower 5 bytes serially to individual apparatus with a single number applied to one apparatus, and if all 
available numbers for the 5 bytes are used up, then another node_unique_ID whose upper 3 bytes are different is 
given to the maker whereas a single number is applied to one apparatus with the lower 5 bytes. Accordingly, the 
node_uniqueJD is different among different units irrespective of its maker and is unique to each unit. 

In step S1 , the firmware 20 of the DVD player 1 controls the 1 394 interface 26 to request the personal computer 
2 for an ID through the 1394 bus 11. The license manager 62 of the personal computer 2 receives the request for an 
ID in step S2. In particular, the 1 394 interface 49 outputs, when it receives the signal of the request for an ID transmitted 
thereto from the DVD player 1 through the 1 394 bus 1 1 , the signal to the CPU 41 . The license manager 62 of the CPU 
41 reads out, when the request for an ID is received, the ID stored in the EEPROM 50 and transmits the ID from the 
1394 bus 11 to the DVD player 1 through the 1394 interface 49 in step S3. 

In the DVD player 1 , the ID is received by the 1 394 interface 26 in step S4 and supplied to the firmware 20 which 
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is being operated by the CPU 21 . 

The firmware 20 couples, in step S5, the ID transmitted thereto from the personal computer 2 and the service key 
stored in the EEPROM 27 to produce data (ID 1 1 service.key) and applies a hash function as given by the following 
expression to the data to produce a key Ik: 

Ik = hash( ID 1 1 service_key) 

Then, in step S6, the firmware 20 produces a cryptographic key sk which is hereinafter described in detail. The 
cryptographic key sk is utilized as a session key in the DVD player 1 and the personal computer 2. 

Then, in step S7, the firmware 20 enciphers the cryptographic key sk produced in step S6 using the key Ik produced 
in step S5 as a key to obtain enciphered data (enciphered key) e. In other words, the firmware 20 calculates the 
following expression: 



e = Enc(lk, sk) 

where Enc(A, B) represents to encipher data B using a key A in a common key cryptography. 

Then, in step S8, the firmware 20 transmits the enciphered data e produced in step S7 to the personal computer 
2. In particular, the enciphered data e is transmitted from the 1394 interface 26 of the DVD player 1 to the personal 
computer 2 through the 1394 bus 11. In the personal computer 2, the enciphered data e is received by the 1394 interface 

49 in step S9. The license manager 62 deciphers the enciphered data e received in this manner using the license key 
stored in the EEPROM 50 in accordance with the following expression to produce a deciphering key sk': 

sk' = Dec(licensejcey, e) 

where Dec(A, B) represents to decipher data B using a key A in a common key cryptography. 

It is to be noted that, as an algorithm for encipherment in the common key cryptography, the DES is known. Also 
the common key cryptography is explained in detail in "Applied Cryptography (Second Edition)" mentioned herein- 
above. 

The key Ik produced in step S5 by the DVD player 1 has a value equal to that (licensejcey) stored in the EEPROM 

50 of the personal computer 2. In other words, the following expression is satisfied: 

Ik - license_key 

Accordingly, the key sk' obtained by the decipherment in step S1 0 by the personal computer 2 has a value equal 
to that of the cryptographic key sk produced in step S6 by the DVD player 1 . In other words, the following expression 
is satisfied: 



sk' = sk 

In this manner, the keys sk and sk* which are equal to each other can be possessed commonly by both of the DVD 
player 1 (source) and the personal computer 2 (sink). Thus, either the key sk can be used as it is as a cryptographic 
key, or a pseudo-random number may be produced based on the key sk and used as a cryptographic key by both of 
the source and the sink. 

Since the license key is produced based on the ID peculiar to the apparatus and the service key corresponding to 
information to be provided as described above, another apparatus cannot produce the key sk or sk'. Further, any 
apparatus which is not authorized by the proprietor of copyright cannot produce the sk or sk' since it does not have a 
license key. Accordingly, when the DVD player 1 thereafter enciphers reproduction data using the cryptographic key 
sk and transmits resulting data to the personal computer 2, where the personal computer 2 has the license key obtained 
legally, since it has the cryptographic key sk', it can decipher the enciphered reproduction data transmitted thereto from 
the DVD player 1 . However, where the personal computer 2 is not legal, since it does not have the cryptographic key 
sk\ it cannot decipher the enciphered reproduction data transmitted thereto. In other words, since only a legal apparatus 
can produce the common cryptographic keys sk and sk', authentication is performed as a result. 

Even if the license key of the single personal computer 2 is stolen, since the ID is different among different units, 
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it is impossible for another apparatus to decipher enciphered data transmitted thereto from the DVD player 1 using the 
license key. Accordingly, the security is augmented. 

FIG. 6 illustrates an exemplary procedure when not only the personal computer 2 but also the magneto-optical 
disk apparatus 3 function as a sink with respect to a source (DVD player 1). 

In this instance, an ID1 is stored as an ID and a Iicense_key1 is stored as a license key in the EEPROM 50 of the 
personal computer 2 which serves as a sinkl , but in the magneto-optical disk apparatus 3 which serves as a sink2, 
an ID2 is stored as an ID and a Iicense_key2 is stored as a license key in the EEPROM 37. 

Processes in steps S1 1 to S20 performed between the DVD player 1 (source) and the personal computer 2 (sinkl ) 
are substantially similar to the processes in steps S1 to S1 0 illustrated in FIG. 4. Therefore, description of the processes 
in steps S11 to S20 is omitted to avoid redundancy. 

After the DVD player 1 cooperates with the personal computer 2 to perform an authentication procedure in such 
a manner as described above, it requests, in step S21 , the magneto-optical disk apparatus 3 for an ID. When the ID 
requesting signal is received via the 1394 interface 36 in step S22 by the magnetooptical disk apparatus 3, firmware 
30 (FIG. 10) in the magneto-optical disk apparatus 3 reads out the ID (ID2) stored in the EEPROM 37 in step S23 and 
transmits the ID from the 1394 interface 36 to the DVD player 1 through the 1394 bus 11 . The firmware 20 of the DVD 
player 1 receives the I D2 via the 1 394 interface 26 in step S24 and produces a key Ik2 based on the following expression 
in step S25: 



Ik2 = hash(ID2 1 1 service_key) 

Further, the firmware 20 calculates the following expression in step S26 to encipher the key sk produced in step 
S16 using the key Ik2 produced in step S25 to produce enciphered data e2: 



e2 = Enc(lk2, sk) 

Then, in step S27, the firmware 20 transmits the enciphered data e2 from the 1 394 interface 26 to the magneto- 
optical disk apparatus 3 through the 1 394 bus 11 . 

The magneto-optical disk apparatus 3 receives the enciphered data e2 via the 1 394 interface 36 in step S28, and 
calculates the following expression in step S29 to produce a cryptographic key sk2': 



sk2' = Dec(license_key2, e2) 

The cryptographic keys skr and sk2' are obtained by the personal computer 2 and the magneto-optical disk ap- 
paratus 3, respectively, in such a manner as described above. The values of them are an equal value to the crypto- 
graphic key sk of the DVD player 1 . 

While, in the procedure of FIG. 6, the DVD player 1 requests the personal computer 2 and the magneto-optical 
disk apparatus 3 individually for an ID and processes the received IDs, where a request for an ID can be delivered by 
broadcast communication, such a procedure as illustrated in FIG. 7 can be performed. 

In particular, in the procedure of FIG. 7, the DVD player 1 as a source requests all sinks, which are, in the present 
procedure, the personal computer 2 and the magneto-optical disk apparatus 3, for an ID by broadcast communication. 
After the personal computer 2 and the magneto-optical disk apparatus 3 receive the signal of the request for transfer 
of an ID in steps S42 and S43, respectively, each of them reads out the ID1 or the ID2 stored in the EEPROM 50 or 
the EEPROM 37 and transfers it to the DVD player 1 in step S44 or step S45. The DVD player 1 receives the IDs in 
steps S46 and S47. 

The DVD player 1 produces a cryptographic key Ik1 based on the following expression in step S48: 



Ik1 = hash(ID1 1 1 service_key) 
Further, in step S49, a cryptographic key Ik2 is produced based on the following expression: 



Ik2 = has(ID2 1 1 service_key) 
In the DVD player 1, a cryptographic key sk is produced further in step S50, and in step S51, the cryptographic 
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key sk is enciphered as given by the following expression using the key Ik1 as a key: 

e1 = Enc(lk1,sk) 

5 

Further, in step S52, the cryptographic key sk is enciphered in accordance with the following expression using the 
key Ik2 as a key: 

10 e2 = Enc(lk2, sk) 

Furthermore, in step S53, the values ID1, e1, ID2 and e2 thus obtained are coupled as given by the following 
expression to produce enciphered data e: 

15 

e = ID1 1 1 el IIID2lle2 

The enciphered data e produced in the DVD player 1 in such a manner as described above is transmitted to the 
personal computer 2 and the magneto-optical disk apparatus 3 by broadcast communication further in step S54. 
20 The personal computer 2 and the magneto-optical disk apparatus 3 receive the enciphered data e in steps S55 

and S56, respectively. Then, in the personal computer 2 and the magneto-optical disk apparatus 3, calculation indicated 
by the following expressions is performed in steps S57 and S58 so that cryptographic keys ski ' and sk2' are produced, 
respectively: 

25 

skV = Dec(license_key1, e1) 



sk2' = Dec(license_key2, e2) 

30 

FIG. 8 illustrates an example of a procedure where one sink can enjoy a plurality of services (decipherment of a 
plurality of kinds of information). Referring to FIG. 8, in the present procedure, for example, the personal computer 2 
serving as a sink has a plurality of license keys (Iicense_key1 , Iicense_key2, Iicense_key3 and so forth) stored in the 
EE PROM 50 thereof. The DVD player 1 serving as a sou rce has a plurality of service keys (service_key 1 , service J<ey2, 

35 service J<ey3 and so forth) stored in the EEPROM 27 thereof. In this instance, when the DVD player 1 requests the 
personal computer 2 as a sinkfor an ID in step S81 , it transfers a serviceJD for identification of information (a service) 
to be transferred subsequently from the DVD player 1 . When the personal computer 2 receives the serviceJD in step 
S82, it selects one of the plurality of license keys stored in the EEPROM 50 which corresponds to the serviceJD and 
performs deciphering processing in step S90 using the selected license key. The other operations are similar to those 

40 illustrated in FIG. 4. 

FIG. 9 illustrates a further example of a procedure. In the present procedure, the DVD player 1 serving as a source 
has a service_key, a hash function and a pseudo-random number generation function pRNG stored in the EEPROM 
27 thereof. They have been given from the proprietor of copyright and are stored secretly. Meanwhile, in the EEPROM 
50 of the personal computer 2 serving as a sink, an ID, LK, LK', function G and pseudo-random number generation 
45 function pRNG given thereto from the proprietor of copyright are stored. 

LK is a unique random number produced by the proprietor of copyright, and LK' is produced so that it may satisfy 
the following expressions: 

so LK' = GM(R) 



R = pRNG(H) (+) pRNG(LK) 

55 

H = hash(»D 1 1 service_key) 

It is to be noted that GM signifies an inverse function of G. GM has such a characteristic that it can be calculated 
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simply if a predetermined rule is known, but if the rule is not known, it is difficult to calculate. For such a function, a 
function which is used for a public key cryptography can be used. 

Further, the pseudo-random function generation function may be provided as hardware. 

The firmware 20 of the DVD player 1 first requests the license manager 62 of the personal computer 2 for an ID 
in step S101 . The license manager 62 of the personal computer 2 reads out, when it receives the ID requesting signal 
in step S102, the ID stored in the EEPROM 50 and transfers it to the DVD player 1 in step S103. The firmware 20 of 
the DVD player 1 receives this ID in step S104 and calculates the following expression in step S105: 

H = hash (ID 1 1 service_key) 

Further, the firmware 20 produces a key sk in step S106 and calculates the following expression in step S107: 

e = sk (+) pRNG(H) 

It is to be noted that A (+) B represents operation of exclusive ORing of A and B. 

In other words, the key sk is enciphered by operating exclusive ORing, for each bit, of a result pRNG (H) obtained 
by inputting H calculated in step S105 to the pseudo-random generation key pRNG and the key sk produced in step 
S106. 

Then, in step S108, the firmware 20 transmits e to the personal computer 2. 

In the personal computer 2, this e is received in step S109, and the following expression is calculated in step S110: 

sk' = e(+) G(LK')(+) pRNG(LK) 

In particular, exclusive ORing of e transmitted from the DVD player 1, the value G(LK') obtained by applying LK' 
stored in the EEPROM 50 to the function G also stored in the EEPROM 50 and the result pRNG(LK) obtained by 
applying LK' stored in the EEPROM 50 to the pseudo-random number generation function pRNG also stored in the 
EEPROM 50 is calculated to obtain a key sk'. 

Here, as seen from the following expression, sk = sk': 



Sk' - e ( + ) G(LK') ( + ) pRNG(LK) 

= Sk ( + ) pRNG(H) ( + ) R ( + ) pRNG(LK) 

- Sk ( + ) pRNG(H) ( + ) pRNG(H) ( + ) pRNG(LK) ( + ) 

pRNG(LK) 

= sk 

In this manner, the DVD player 1 as a source and the personal computer 2 as a sink can possess the cryptographic 
keys sk and sk', which are equal to each other, commonly. Since only the proprietor of copyright can produce LK and 
LK', even if the source tries to produce LK or LK' illegally, it cannot produce the same, and consequently, the security 
can be further promoted. 

While, in the description above, authentication is performed between a source and a sink, for example, the personal 
computer 2 can normally use an arbitrary application program as a load. Further, as such application program, an 
application program produced illegally may be used. Accordingly, for each application program, it must be discriminated 
whether or not it is licensed from the proprietor of copyright. Therefore, as shown in FIG. 3, also between each appli- 
cation section 61 and the license manager 62, authentication processing may be performed in such a manner as 
described above. In this instance, the license manager 62 serves as a source, and the application section 61 serves 
as a sink. 

Subsequently, operation when, after authentication is performed (after common possession of a cryptographic key 
is performed), enciphered data is transferred from a source using a cryptographic key to a sink and the enciphered 
data is deciphered by the sink is described. 
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In an apparatus whose internal functions are not open to an ordinary user such as the DVD player 1 or the magneto- 
optical disk apparatus 3, processing of encipherment and decipherment of data communicated through the 1394 bus 
1 1 is performed by the 1 394 interface 26 or the 1 394 interface 36. While, for the encipherment and the decipherment, 
a session key S and a time variable key i are used, the session key S and the time variable key i (more accurately, a 
key i' to be used for production of the time variable key i) are supplied from the firmware 20 or the firmware 30 to the 
1394 interface 26 or the 1394 interface 36, respectively. The session key S is composed of an initial value key Ss to 
be used as an initial value and a disturbance key Si to be used for disturbing the time variable key i. The initial value 
key Ss and the disturbance key Si can be composed of upper bits and lower bits of predetermined bit numbers of a 
cryptographic key sk (= sk') produced in the authentication described above, respectively. The session key S is suitably 
updated for each session, for example, for information of each one movie or for each reproduction. In contrast, the 
time variable key i produced from the disturbance key Si and the key i' is updated frequently in one session, and for 
example, time information at a predetermined timing or the like can be used. 

Now, it is assumed that video data reproduced by and outputted from the DVD player 1 service as a source is 
transmitted to the magneto-optical disk apparatus 3 and the personal computer 2 through the 1 394 bus 11 so that it is 
deciphered by the magneto-optical disk apparatus 3 and the personal computer 2. In this instance, in the DVD player 
1, enciphering processing is performed using the session key S and the time variable key i by the 1394 interface 26. 
In the magneto-optical disk apparatus 3, deciphering processing is performed using the session key S and the time 
variable key i by the 1 394 interface 36. 

In contrast, in the personal computer 2, the license manager 62 supplies the initial value key Ss of the session key 
S to the application section 61 and supplies the disturbance key St and the time variable key i (more accurately, the 
key i* for production of the time variable key i) to the 1394 interface 49 (link portion). Then, by the 1394 interface 49, 
a time variable key i is produced from the disturbance key Si and the key i' and decipherment is performed using the 
time variable key i, and the deciphered data is further deciphered using the session key S (more accurately, the initial 
value key Ss) by the application section 61 . 

In this manner, in the personal computer 2, since the internal bus 51 is open to a user, only decipherment in the 
first stage is performed by the 1 394 interface 49 so that resulting data still remains in a condition of a cryptograph. 
Then, further decipherment in the second stage is performed by the application section 61 to produce a non-crypto- 
graph. By this, the personal computer 2 is inhibited from adding a function suitably to the same to copy data (a non- 
cryptograph) communicated by the internal bus 51 onto the hard disk 47 or any other apparatus. 

In this manner, in the present system, while, in a CE apparatus whose internal bus is not open, an enciphering or 
deciphering procedure is performed once using a session key S and a time variable key i, in another apparatus (the 
persona! computer 2 or the like) whose internal bus is open, a deciphering procedure is performed separately as a 
deciphering procedure in which the time variable key i is used and another deciphering procedure in which the session 
key S is used. In order to allow both of the deciphering procedure by one stage and the deciphering procedure by two 
separate stages to be performed in this manner, the following expression must be satisfied: 

Dec(S, Dec(i, Enc(algo(S+i), Data))) = Data 

where algo(S+i) represents a result obtained by inputting the session key S and the time variable key i to a predeter- 
mined algorithm. 

FIG. 1 1 shows an example of a construction of the 1 394 interface 26 which satisfies the expression above. Referring 
to FIG. 11, in the 1394 interface 26 shown, data of m bits produced by an additive generator 71 is supplied to a shrink 
generator 73. Meanwhile, a linear feedback shift register (LFSR) 72 outputs data of 1 bit and supplies it to the shrink 
generator 73. The shrink generator 73 selects the output of the additive generator 71 in response to the output of the 
linear feedback shift register 72 and outputs the selected data as a cryptographic key to an adder 74. The adder 74 
adds an inputted non-cryptograph (data of m bits to be transmitted to the 1 394 bus 11 ) and the data of m bits (crypto- 
graphic key) supplied from the shrink generator 73 and outputs a result of the addition as a cryptograph (enciphered 
data) to the 1394 bus 11. 

The addition processing of the adder 74 is addition of the output of the shrink generator 73 and a non-cryptogr 
aph by mod 2*m ( A signifies a power exponent). In other words, data of m bits are added to each other, and a sum 
with a carry-over ignored is outputted. 

FIG. 1 2 shows an example of a more detailed construction of the 1 394 interface 26 shown in FIG. 11 . Of the session 
key S outputted from the firmware 20, the initial value key Ss is transferred via an adder 81 to and stored into a register 
82. The initial value key Ss is composed of, for example, 55 words (one word has a width from 8 bits to 32 bits). Further, 
of the session key S supplied from the firmware 20, the disturbance key Si composed of, for example, 32 bits of the 
LSB (Least Significant Bit) side is stored into another register 85. 

A key i' is stored into a further register 84. Here, for example, each time one packet is transmitted through the 
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1 394 bus 1 1 , a key V of 2 bits is supplied to the register 84, and when a key 1 1 for 1 6 packets (32 bits) is stored into 
the register 84, it is added to the disturbance key Si of 32 bits stored in the register 85 by an adder 86 and is supplied 
as a final time variable key i to the adder 81 . The adder 81 adds the value currently stored in the register 82 and the 
time variable key i supplied from the adder 86 and supplies a result of the addition to the register 82 so that it is stored 
into the register 82. 

Where the number of bits of a word of the register 82 is, for example, 8, since the time variable key i outputted 
from the adder 86 is 32 bits, the time variable key i is divided into four parts of 8 bits, and each 8 bits are added to the 
word of a predetermined address (0 to 54) of the register 82. 

After the initial value key Ss is first stored into the register 82 in this manner, it is updated with the time variable 
key i each time a non-cryptograph for 16 packets is transmitted. 

An adder 83 selects predetermined 2 words (in the case of a timing illustrated in FIG. 12, the words at the address 
23 and the address 54) of the 55 words stored in the register 82, and adds the two selected words and outputs a 
resulting word to the shrink generator 73. Further, the output of the adder 83 is transferred, at the timing illustrated in 
FIG. 12, to the address 0 of the register 82 so that it is stored in place of the preceding stored value at the address 0. 

Then, at the next timing, the addresses of the two words to be supplied to the adder 83 are shifted upwardly by 
one word in FIG. 12 from the address 54 and the address 23 to the address 53 and the address 22, respectively, and 
also the address to be updated with the output of the adder 83 is shifted to a higher address in the figure. However, 
since an address higher than the address 0 is not present, in this instance, the address is shifted to the address 54. 

It is to be noted that the adders 81 , 83 and 86 may otherwise operate exclusive ORing. 

The linear feedback shift register 72 is composed of, for example, as shown in FIG. 13, a shift register 101 of n 
bits, and an adder 102 for adding values of predetermined bits (registers) of the n bits of the shift register 101. The 
shift register 101 stores a bit supplied from the adder 102 into the register b n leftmost in FIG. 1 3 and shifts data which 
has been stored there till then to the next register b n0 on the right side. Also the registers b n . v b n . 2 , ... perform similar 
processing. Then, at a further next timing, a value obtained by addition of the values of the bits by the adder 102 is 
stored into the leftmost bit b n in FIG. 13. The operations described above are successively repeated while an output 
is successively outputted one by one bit from the rightmost register b 1 in FIG. 1 3. 

While FIG. 13 shows an example of an ordinary construction, more particularly the linear feedback shift register 
72 may be constructed in such a manner as shown, for example, in FIG. 14. In the linear feedback shift register 72 
shown in FIG. 14, the shift register 101 is composed of 31 bit, and the value of the register b^ at the right end in FIG. 
14 and the register b 31 at the left end in FIG. 14 are added by the adder 102, and a result of the addition is fed back 
to the register b 31 . 

When the data of 1 bit outputted from the linear feedback shift register 72 has the logical value 1, a condition 
discrimination section 91 transfers data of m bits supplied from the adder 83 of the additive generator 71 as it is to a 
Fl FO (first-in first-out) memory 92 so as to be stored into the Fl FO 92. On the other hand, when the data of 1 bit supplied 
from the linear feedback shift register 72 has the logic value 0, the condition discrimination section 91 does not accept 
the data of m bits supplied from the CPU 31 but interrupts the enciphering processing. In this manner, only those of 
data of m bits produced by the additive generator 71 which are outputted at timings at which the linear feedback shift 
register 72 outputs the logical value 1 are selected and stored into the FIFO 92 of the shrink generator 73. 

The data of m bits stored in the FIFO 92 is supplied as a cryptographic key to the adder 74, by which it is added 
to data of a non -cryptograph to be transmitted (reproduction data from a DVD) to produce a cryptograph. 

The enciphered data is supplied from the DVD player 1 to the magneto-optical disk apparatus 3 and the personal 
computer 2 through the 1 394 bus 1 1 . 

The 1394 interface 36 of the magneto-optical disk apparatus 3 has such a construction as shown in FIG. 15 in 
order to decipher data received from the 1 394 bus 11 . Referring to FIG. 1 5, in the 1 394 interface 36 shown, data of m 
bits outputted from an additive generator 171 and data of 1 bit outputted from a linear feedback shift register 172 are 
supplied to a shrink generator 173. Then, a key of m bits outputted from the shrink generator 173 is supplied to a 
subtractor 174. The subtractor 174 subtracts the key supplied from the shrink generator 173 from a cryptograph to 
decipher the cryptograph into a non-cryptograph. 

In particular, the 1394 interface 36 shown in FIG. 15 has a basically similar construction to the 1394 interface 26 
shown in FIG. 11 , but is different only in that the adder 74 shown in FIG. 11 is replaced by the subtractor 174. 

FIG. 16 shows an example of a more detailed construction of the 1394 interface 36 shown in FIG. 15. Referring 
to FIG. 16, while also the 1394 interface 36 has a basically similar construction to the 1394 interface 26 shown in FIG. 
12, the adder 74 shown in FIG. 12 is replaced by the subtractor 174. The other components of the additive generator 
171, the linear feedback shift register 172, the shrink generator 173, an adder 181, a register 182, another adder 183, 
registers 184 and 185, a further adder 186, a condition discrimination section 191 and a FIFO 192 correspond to the 
additive generator 71 , linear feedback shift register 72, shrink generator 73, adder 81 , register 82, adder 83, registers 
84 and 85, adder 86, condition discrimination section 91 and FIFO 92 shown in FIG. 12, respectively. 

Accordingly, since operation of the 1394 interface 36 is basically same as that of the 1394 interface 26 shown in 
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FIG. 12, overlapping description of it is omitted here to avoid redundancy. However, in the 1394 interface 36 of FIG. 
16, a key of m bits outputted from the FIFO 192 of the shrink generator 173 is subtracted from a cryptograph by the 
subtractor 1 74 to decipher the cryptograph into a non-cryptograph. 

As described above, in the 1 394 interface 36, enciphered data are deciphered at a time using the session key S 
(initial value key Ss and disturbance key Si) and the time variable key i. 

In contrast, as described above, in the personal computer 2, decipherment is performed in two stages individually 
by the 1 394 interface 49 and the application section 61 . 

FIG. 17 shows an exemplary construction of the 1394 interface 49 where decipherment is performed by hardware. 
Referring to FIG. 17, the 1394 interface 49 shown has a basic construction similar to that of the 1394 interface 36 
shown in FIG. 15. In particular, also the present 1394 interface 49 is composed of an additive generator 271, a linear 
feedback shift register 272, a shrink generator 273 and a subtractor 274, and those components have basically similar 
constructions to those of the additive generator 171, linear feedback shift register 172, shrink generator 1 73 and sub- 
tractor 174 shown in FIG. 15, respectively However, while, in the 1394 interface shown in FIG. 17, similar keys to those 
of the 1 394 interface 36 shown in FIG. 1 5 are supplied as the key i' to be for production of the time variable key i and 
the disturbance key Si of the session key S for disturbing the time variable key i from the license manager 62 to the 
additive generator 271 , as the initial value key Ss, an identity element wherein ail bits are 0 is supplied. 

In particular, as shown in FIG. 18, since all of the bits of the initial value key Ss are 0, substantially similarly to the 
alternative case wherein no initial value key Ss is present, a cryptographic key is produced based only on the time 
variable key i. As a result, the subtractor 274 performs only decipherment based on the time variable key i of a crypto- 
graph. Further, since decipherment based on the initial value key Ss is not performed, data obtained as a result of the 
decipherment does not make a complete non-cryptograph, but remains in a condition of a cryptograph. Accordingly, 
even if the data is fetched from the internal bus 51 and recorded onto the hard disk 47 or some other recording medium, 
it cannot be utilized as it is. 

Then, the construction of the application section 61 which deciphers data deciphered once based on the time 
variable key i by hardware in the 1 394 interface 49 in such a manner as described above further by software is composed 
of, as shown in FIG. 1 9, an additive generator 371 , a linear feedback shift register 372, a shrink generator 373 and a 
subtractor 374. The basic constructions of the components are similar to those of the additive generator 171, linear 
feedback shift register 172, shrink generator 173 and subtractor 174 shown in FIG. 1 5, respectively. 

However, while, as the initial value key Ss of the session key S, an ordinary initial value key is supplied in a similar 
manner as in the case of FIG. 15, each of the disturbance key Si and the key i' to be used for production of the time 
variable key i is data of an identity element wherein all bits are 0. 

As a result, as particularly shown in FIG. 20 (the elements 371 to 392 correspond to the elements 171 to 192 
shown in FIG. 16, respectively), since the key i' stored in the register 384 and the disturbance key Si stored in the 
register 385 are 0 at all bits thereof, also the time variable key i outputted from the adder 386 is 0 at all bits, and 
operation substantially similar to that of the alternative case wherein the time variable key i is not present is performed. 
In other words, a cryptographic key based only on the initial value key Ss is produced. Then, by the subtractor 374, a 
cryptograph is deciphered into a non-cryptograph based on the cryptographic key produced in such a manner as 
described above. Since this cryptograph has been obtained by the decipherment in the first stage based on the time 
variable key i by the 1 394 interface 49 as described above, a complete non-cryptograph can be obtained by performing 
decipherment in the second stage based on the initial value key Ss here. 

In the magneto-optical disk apparatus 3, when a cryptograph is deciphered in such a manner as described above, 
the CPU 31 supplies the deciphered data to the drive 35 so that it may be recorded onto a magneto-optical disk. 

Meanwhile, in the personal computer 2, the CPU 41 (application section 61 ) supplies the data deciphered in such 
a manner as described above, for example, to the hard disk drive 47 so as to be recorded. In the personal computer 
2, while a predetermined board can be connected as the extended board 48 to monitor data communicated by the 
internal bus 51 , since the element which can finally decipher data transmitted to the internal bus 51 is the application 
section 61 , even if the extended board 48 can monitor the data for which the decipherment based on the time variable 
key i has been performed by the 1394 interface 49 (the data for which decipherment based on the session key S has 
not been performed as yet), data deciphered completely to a non -cryptograph cannot be monitored. Therefore, illegal 
copying can be prevented. 

It is to be noted that common possession of a session key may be performed using, for example, the Diffie-Hellman 
method or the like. 

It is to be note that, in some other case such as, for example, where the 1 394 interface 49 or the application section 
61 of the personal computer 2 has such a comparatively low processing capacity that it cannot perform deciphering 
processing, if one or both of the session key and the time variable key are formed from an identity element on the 
source side while they are used with the identity element also on the sink side, then communication of data is possible 
substantially without using the session key and the time variable key. However, where this method is employed, the 
possibility that data may be illegally copied increases. 
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If the application section 61 itself originates from illegal copying, then there is the possibility that deciphered data 
may be copied illegally. However, this can be prevented if the application section 61 is authenticated by the license 
manager 62 in such a manner as described above. 

As the authentication method in this instance, in addition to a common key cryptography, a digital autograph for 
which a public key cryptography is used can be utilized. 

The 1 394 interfaces shown in FIGS. 1 1 , 1 2 and 1 5 to 20 described above satisfy a relationship of a homomorphism 
(homomorphism). In particular, when keys Kj and K 2 are elements of a Galois field G, a result Kj - K 2 of a group 
operation of them makes an element of the Galois field G. Further, the following expression is satisfied with regard to 
a predetermined function H: 

H(K 1 • K 2 ) = H(K.,) • H(K 2 ) 

FIG. 21 shows a further exemplary construction of the 1394 interface 26. In the 1394 interface 26, a session key 
S is supplied to linear feedback shift registers 501 to 503 so that initialization is performed with it. The widths ^ to n 3 
of the linear feedback shift registers 501 to 503 are individually approximately 20 bits, and the individual widths n, to 
n 3 are constructed so as to be relatively prime. Accordingly, for example, of the session key S, for example, the upper 
bits are initially set to the linear feedback shift register 501, and the next upper r^ bits are initially set to the linear 
feedback shift register 502 while the further next upper n 3 bits are initially set to the linear feedback shift register 503. 

Each of the linear feedback shift registers 501 to 503 performs a shifting operation by m bits when an enable signal 
of, for example, the logical value 1 is inputted from a clocking function 506, and outputs data of m bits. The value of 
m may be, for example, 8, 16, 32, 40 or the like. 

Outputs of the linear feedback shift register 501 and the linear feedback shift register 502 are inputted to an adder 
504, by which they are added. Of the addition value of the adder 504, a carry component is supplied to the clocking- 
function 506 while a sum component is supplied to an adder 505, by which it is added to an output of the linear feedback 
shift register 503. A carry component of the adder 505 is supplied to the clocking function 506 while a sum component 
is supplied to an exclusive OR circuit 508. 

The clocking function 506 outputs, since the combination of the data supplied from the adder 504 and the adder 
505 is one of 00, 01 , 10 and 11 , data of one of 000 to 111 in accordance with the combination of the data to the linear 
feedback shift registers 501 to 503. Each of the linear feedback shift registers 501 to 503 performs a shifting operation 
of m bits and outputs new data of m bits when the logical value 1 is inputted, but when the logical value 0 is inputted, 
it outputs data of m bits same as that outputted in the preceding cycle. 

The exclusive OR circuit 508 operates exclusive ORing of the sum component outputted from the adder 505 and 
a time variable key i stored in a register 507 and outputs a result of the calculation to an exclusive OR circuit 509. The 
exclusive OR circuit 509 operates exclusive ORing of a non-cryptograph inputted and the cryptographic key inputted 
from the exclusive OR circuit 508 and outputs a result of the calculation as a cryptograph. 

FIG. 22 shows another exemplary construction of the 1394 interface 36 of the magneto-optical disk apparatus 3. 
Referring to FIG. 22, the 1 394 interface 36 shown includes elements 601 to 609 which are similar to the elements 501 
to 509 described hereinabove with reference to FIG. 21, respectively. Therefor, overlapping description of the similar 
components is omitted here to avoid redundancy. The 1 394 interface 36 of FIG. 22, however, is different from the 1 394 
interface 26 of FIG. 21 in that, while, in the 1394 interface 26, enciphering processing is performed, deciphering process- 
ing is performed in the 1 394 interface 36. 

FIG. 23 shows another exemplary construction of the 1394 interface 49 of the magneto-optical disk apparatus 3. 
Referring to FIG. 23, the 1 394 interface 36 shown includes elements 701 to 709 which are similar to the elements 601 
to 609 described hereinabove with reference to FIG. 22, respectively. However, the session key S initially set to the 
linear feedback shift registers 701 to 703 is an identify element wherein all bits are 0. Accordingly, in the present 
instance, deciphering processing is performed substantially only with the time variable key i stored in the register 707. 

FIG. 24 shows an exemplary construction of the application section 61 of the personal computer 2. Referring to 
FIG. 24, the application section 61 shown includes elements 801 to 809 which have basically similar constructions to 
those of the elements 601 to 609 described hereinabove with reference to FIG. 22, respectively The application section 
61 is different from the 1394 interface 36 of FIG. 22 only in that the time variable key i to be inputted to the register 
807 is an identity element wherein all bits are 0. Accordingly, in the application section 61, a cryptographic key is 
produced and deciphering processing is performed based only on the session key S. 

It is to be noted that, since the processing illustrated in FIGS. 1 9, 20 and 24 is performed by the application section 
61 , it is processed by software. 

While, in the foregoing description, the DVD player 1 serves as a source and the personal computer 2 and the 
magneto-optical disk apparatus 3 serve as sinks, any apparatus can serve as a source or a sink. 

Further, also the external bus for interconnecting the different apparatus is not limited to the 1 394 bus, but various 
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buses can be utilized, and also the electronic apparatus to be connected to the external bus are not limited to those 
described above, but an arbitrary apparatus can be connected. 

Having now fully described the invention, it will be apparent to one of ordinary skill in the art that many changes 
and modifications can be made thereto without departing from the scope of the invention as set forth herein. 



Claims 

1. An enciphering apparatus, comprising: 

enciphering means for enciphering data using a cryptographic key; 
first generating means for generating a first key; 

second generating means for generating a second key which is changed at a predetermined timing while the 
data is enciphered; and 

producing means for producing the cryptographic key using the first key and the second key. 

2. An enciphering apparatus according to claim 1 , wherein said producing means produces a homomorphic crypto- 
graphic key. 

3. An enciphering apparatus according to claim 1 , wherein said producing means produces a cryptographic key with 
which a correct decipherment result is obtained even if the first cryptographic key and the second cryptographic 
key which compose the cryptographic key are used individually to successively decipher the enciphered data. 

4. An enciphering apparatus according to claim 1 , wherein said producing means adds the second key to a value 
whose initial value is the first key to produce the cryptographic key. 

5. An enciphering apparatus according to claim 4, wherein the first key has a number of bits larger than that of the 
second key, and said producing means adds the second key to bits at predetermined positions of the first key, 
extracts a bit at a predetermined position of a result of the addition and further adds the extracted bit to produce 
the cryptographic key. 

6. An enciphering apparatus according to claim 5, wherein said producing means further updates the predetermined 
bits of the result of the addition with a result of the further addition of the extracted bit. 

7. An enciphering apparatus according to claim 6, wherein said producing means selects predetermined bits from a 
result of the further addition of the extracted bits further at a predetermined timing to produce the cryptographic key. 

8. An enciphering apparatus according to claim 1 , further comprising transmission means for transmitting the data 
enciphered with the cryptographic key to another apparatus via a bus. 

9. An enciphering method, comprising the steps of: 

enciphering data using a cryptographic key; 
generating a first key; 

generating a second key which is changed at a predetermined timing while the data are enciphered; and 
producing the cryptographic key using the first key and the second key. 

10. A deciphering apparatus, comprising: 

receiving means for receiving enciphered data; 

deciphering means for deciphering the received data using a cryptographic key; 
first generating means for generating a first key; 

second generating means for generating a second key which is changed at a predetermined timing while the 
data is deciphered; and 

producing means for producing the cryptographic key using the first key and the second key. 

11. A deciphering apparatus according to claim 10, wherein said producing means includes first producing means for 
producing a first cryptographic key using one of the first key and the second key, and second producing means 
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for producing a second cryptographic key using the other of the first key and the second key, and said deciphering 
means includes first deciphering means for deciphering the enciphered data using the first cryptographic key, and 
second deciphering means for deciphering the data deciphered by said first deciphering means further using the 
second cryptographic key. 

5 

1 2. A deciphering apparatus according to claim 1 1 , wherein said second deciphering means is formed from application 
software for processing the deciphered data. 

13. A deciphering method, comprising the steps of: 

TO 

receiving enciphered data; 

deciphering the received data using a cryptographic key; 
generating a first key; 

generating a second key which is changed at a predetermined timing while the data is deciphered; and 
producing the cryptographic key using the first key and the second key. 

14. An information processing system, comprising: 
a plurality information processing apparatus connected to each other by a bus; 

said information processing apparatus including first information processing apparatus each having a function 
whose change is not open to a user, and second information processing apparatus each having a function 
whose change is open to a user; 

each of said first information processing apparatus including: 
first receiving means for receiving enciphered data; 

first deciphering means for deciphering the data received by said first receiving means using a cryptographic 
key; 

first generating means for generating a first key; 

second generating means for generating a second key which is changed at a predetermined timing while the 
data is deciphered; and 

first producing means for producing the cryptographic key using the first key generated by said first generating 
means and the second key generated by said second generating means; 
each of said second information processing apparatus including: 
second receiving means for receiving enciphered data; 
third generating means for generating the first key; 

fourth generating means for generating the second key which is changed at a predetermined timing while the 
data is deciphered; 

second producing means for producing a first cryptographic key using one of the first key generated by said 
third generating means and the second key generated by said fourth generating means; 
third producing means for producing a second cryptographic key using the other of the first key generated by 
said third generating means and the second key generated by said fourth means; 

second deciphering means for deciphering the enciphered data received by said receiving means using the 
first cryptographic key; and 

third deciphering means for further deciphering the data deciphered by said second deciphering means using 
the second cryptographic key. 

15. An information processing method for an information processing system composed of a plurality information 
processing apparatus connected to each other by a bus, said information processing apparatus including first 
information processing apparatus each having a function whose change is not open to a user, and second infor- 
mation processing apparatus each having a function whose change is open to a user, comprising the steps per- 
formed by each of said first information processing apparatus of: 

receiving enciphered data; 

deciphering the data received in the receiving step using a cryptographic key; 
generating a first key; 

generating a second key which is changed at a predetermined timing while the data is deciphered; and 
producing the cryptographic key using the first key generated in the first generating step and the second key 
generated in the second generating step; and 

the steps performed by each of said second information processing apparatus of: 
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receiving enciphered data; 
generating the first key; 

generating the second key which is changed at a predetermined timing while the data is deciphered; 
producing a first cryptographic key using one of the first key and the second key; 
producing a second cryptographic key using the other of the first key and the second key; 
deciphering the enciphered data received in the receiving step using the first cryptographic key; and 
deciphering the deciphered data further using the second cryptographic key. 

16. An information processing apparatus, comprising: 

receiving means for receiving data transmitted thereto through a bus; 

producing means composed of a software program for producing a first cryptographic key and a second cryp- 
tographic key which is changed at a predetermined timing while the data is deciphered from the data received 
by said receiving means; 

first deciphering means for deciphering the enciphered data received by said receiving means using one of 
the first cryptographic key and the second cryptographic key produced by said producing means; and 
second deciphering means for deciphering and processing the data deciphered by said first deciphering means 
further using the other of the first cryptographic key and the second cryptographic key produced by said pro- 
ducing means. 

17. An information processing method, comprising the steps of: 

receiving data transmitted thereto through a bus; 

producing, from the received data, a first cryptographic key and a second cryptographic key which is changed 
at a predetermined timing while the data is deciphered; 

deciphering the received enciphered data using one of the first cryptographic key and the second cryptographic 
key; and 

deciphering the deciphered data further using the other of the first cryptographic key and the second crypto- 
graphic key. 
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